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3DOODGLXP 3G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$V 3G SRVVHVVHV D VLPLODU YDOHQFH HOHFWURQLF FRQILJXUDWLRQ WR 3W DQG KDV KLJK PHWKDQRO WROHUDQW DELOLW\
UHVHDUFKHUVKDYHGHYRWHG WRGHYHORS3GDVSURPLVLQJFDWDO\VWV IRU ORZ WHPSHUDWXUHGLUHFW OLTXLG IXHOFHOOV >@3G




7KHFDWDO\WLFDFWLYLW\ LV LQIOXHQFHGE\ WKH LQWHUDFWLRQEHWZHHQFDUERQVXUIDFHDQGGHSRVLWHGPHWDO VSHFLHVDQG
WKLVLQWHUDFWLRQFDQEHLQVWUXPHQWDOLQFRQWUROOLQJWKHGLVSHUVLRQRIDFWLYHVSHFLHVDQGYDOHQFHVWDWHRIWKHPHWDO>@
,QWKLVFRQWH[WWKHUROHRIVXSSRUWPDWHULDOEHFRPHVYHU\LPSRUWDQWVLQFHLWGHWHUPLQHVWKHGLVSHUVLRQDQGVWDELOLW\
RI WKH PHWDO SDUWLFOHV ,W KDV EHHQ UHSRUWHG WKDW FDUERQ PDWHULDOV ZLWK KLJK VXUIDFH DUHD DQG JRRG FU\VWDOOLQLW\
SURYLGH D KLJK GLVSHUVLRQ RIPHWDO QDQRSDUWLFOHV DQG DOVR IDFLOLWDWH HOHFWURQ WUDQVIHU UHVXOWLQJ LQ EHWWHU IXHO FHOO
SHUIRUPDQFH>@
+LJK VXUIDFH DUHD FDUERQ PDWHULDOV VXFK DV FDUERQ QDQRWXEHV DFWLYDWHG FDUERQV HWF DUH UHSRUWHG WR KDYH
LQIOXHQFHG WKH HOHFWURFKHPLFDO SURSHUWLHVZKHQ XVHG DV D VXSSRUW LQ IXHO FHOO FDWDO\VLV > @1DQRVWUXFWXUHG
FDUERQ VXSSRUWV VXFK DV FDUERQ QDQRWXEHV FDUERQ ILEUHV HWF KDYH UHFHLYHG FRQVLGHUDEOH DWWHQWLRQ GXH WR WKHLU
H[WUDRUGLQDU\HOHFWURQLFFRQGXFWLYLW\DQGDYDLODELOLW\RIDFFHVVLEOHVXUIDFHDUHDIRUFDWDO\VWVQDQRSDUWLFOHWRLQGXFH
HQKDQFHG FDWDO\WLF DFWLYLW\ >  @+RZHYHU WKHLU DSSOLFDWLRQ KDV EHHQ OLPLWHG GXH WR KLJK FRVWV $FWLYDWHG
FDUERQVKDYHEHHQDVXSSRUWIRULQGXVWULDOSUHFLRXVPHWDOFDWDO\VWVIRUPDQ\\HDUVDQGKDYHEHHQDQDWXUDOFKRLFH
IRUVXSSRUWLQJ WKHHOHFWURFDWDO\VWV LQ IXHOFHOOV >@0RUHRYHU WKHKLJKVXUIDFHDUHDDFWLYDWHGFDUERQVZLWKJRRG






EHHQ PDGH WR V\QWKHVL]H 3G QDQRSDUWLFOHV ZLWK XQLIRUP GLVSHUVLRQ WKDW FDQ SURYLGH ODUJH DFWLYH VXUIDFH DUHDV
QHFHVVDU\ IRU HIILFLHQW FDWDO\VLV >@ 7KLV FDQ EH DFFRPSOLVKHG HLWKHU E\ FRQWUROOLQJ WKH PHWDO SUHFXUVRU
FRQFHQWUDWLRQRUE\XVLQJDKLJKVXUIDFHDUHDFDUERQVXSSRUWRUDFRPELQDWLRQRIERWK7KHSUHVHQWVWXG\GLVFXVVHV
WKH LPSURYHPHQWVPDGH LQ WKH GLVSHUVLRQ RI 3G SDUWLFOHV V\QWKHVL]HG XVLQJ SRWHQWLRVWDWLF GHSRVLWLRQ IURP DFLGLF
PHGLXP RQ VXSSRUW PDWHULDO VXFK DV 9;& DQG :$6 DFWLYDWHG FDUERQ 7KH DFWLYLW\ WRZDUGV R[\JHQ UHGXFWLRQ
UHDFWLRQ255DQGIRUPLFDFLGR[LGDWLRQZDVFRPSDUHGEHWZHHQWKH3GVXSSRUWHGHOHFWURFDWDO\VWV
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E\ YDU\LQJ WKH SUHFXUVRU FRQFHQWUDWLRQ IURP  WR  P0 LQ DFLGLF PHGLXP %HVLGHV FKDQJLQJ WKH SUHFXUVRU
FRQFHQWUDWLRQH[SHULPHQWVZHUHDOVRSHUIRUPHGE\FRDWLQJWKHJUDSKLWHHOHFWURGHVZLWKGLIIHUHQWFDUERQPDWHULDOV
VXFKDV9;&RU:$63UHSDUDWLRQRIDFWLYDWHGFDUERQIURPZRRGDSSOHVKHOOLVUHSRUWHGHOVHZKHUH>@3GORDGLQJ
ZDV GHWHUPLQHG XVLQJ ,&32(6 PHDVXUHPHQWV IURP FRQFHQWUDWLRQ RI WKH SUHFXUVRU VROXWLRQ EHIRUH DQG DIWHU
HOHFWURGHSRVLWLRQ7KH GHSRVLWHG 3G FDWDO\VWV ZHUH SK\VLFDOO\ FKDUDFWHUL]HG E\ D ILHOG HPLVVLRQ KLJK UHVROXWLRQ
VFDQQLQJHOHFWURQPLFURVFRS\)(6(0+LWDFKL6LQWHUIDFHGZLWKDQHQHUJ\GLVSHUVLYH;UD\DQDO\VLV
7KH FDWDO\VWV ZHUH HOHFWURFKHPLFDOO\ FKDUDFWHUL]HG E\ F\FOLF YROWDPPHWU\ &9 XVLQJ D &+, $
HOHFWURFKHPLFDOZRUNVWDWLRQ &+,QVWUXPHQWV ,QF LQD WKUHHHOHFWURGHVFHOOKRXVHG LQ D%$6L&FHOO VWDQG3G
HOHFWURGHSRVLWHGRQHOHFWURFKHPLFDOO\DFWLYDWHGFDUERQZDVXVHGDVWKHZRUNLQJHOHFWURGH3WZLUHDQG$J$J&O0
1D&O ZHUH XVHG DV FRXQWHU DQG UHIHUHQFH HOHFWURGHV UHVSHFWLYHO\ (OHFWURFKHPLFDO WHVWV ZHUH FDUULHG RXW DW URRP
WHPSHUDWXUHR&LQ0+62VROXWLRQDQGDOOSRWHQWLDOVTXRWHGLQWKLVZRUNDUHUHIHUUHGWRDUHYHUVLEOH
K\GURJHQHOHFWURGH5+(VFDOH7KHFXUUHQWGHQVLWLHVDUHUHIHUUHG WR WKHJHRPHWULFDODUHDRI WKHHOHFWURGH
FPXQOHVVRWKHUZLVHVSHFLILHG
&2VWULSSLQJYROWDPPRJUDPVZHUHFRQGXFWHGLQ0+62VROXWLRQLQZKLFKHOHFWURGHSRVLWHG3GHOHFWURGHLV
SUHDGVRUEHGZLWK FDUERQPRQR[LGH ,QLWLDOO\&2ZDV EXEEOHG LQWR 0+62 VROXWLRQ IRU PLQZKHQ WKH
HOHFWURGHSRWHQWLDOZDV IL[HG DW 97KHQ WKHGLVVROYHG&2 LQ VROXWLRQZDV UHPRYHGE\EXEEOLQJ1 LQWR WKH
VROXWLRQ DQG WKH VWULSSLQJ YROWDPPRJUDPVZHUH FROOHFWHG DW D VFDQ UDWH RI P9 V± >@7KH SHUIRUPDQFH RI
HOHFWURGHSRVLWHG3GFDWDO\VWWRZDUGVR[\JHQUHGXFWLRQUHDFWLRQ255ZDVHYDOXDWHGE\OLQHDUVZHHSYROWDPPHWU\
/69 LQDQR[\JHQVDWXUDWHG0+62VROXWLRQE\VFDQQLQJ WKHSRWHQWLDO IURP9 WR97KHDFWLYLW\




*HQHUDOO\ FDUERQ EDVHG FDWDO\VW VXSSRUWV DUH DFWLYDWHG WR LQFUHDVH WKH PHWDO GLVSHUVLRQ >@ 3ULRU WR
HOHFWURFKHPLFDOGHSRVLWLRQ WKHFDUERQVXSSRUWZDV VXEMHFWHG WRDQHOHFWURFKHPLFDODFWLYDWLRQSURFHVV WR LQFUHDVH
WKHK\GURSKLOLFFKDUDFWHURI WKHVXUIDFHDV UHSRUWHG LQRXUSUHYLRXVSXEOLFDWLRQ>@ ,PSURYLQJ WKHGLVSHUVLRQRI
QREOHPHWDOQDQRSDUWLFOHVLVGHVLUDEOHIRUKLJKFDWDO\WLFDFWLYLW\7KLVFDQEHDFFRPSOLVKHGHLWKHUE\FRQWUROOLQJWKH
SUHFXUVRUFRQFHQWUDWLRQRUE\XVLQJDKLJKVXUIDFHDUHDFDUERQVXSSRUW3UHFXUVRUFRQFHQWUDWLRQLVH[SHFWHGWRSOD\D
YLWDO UROH LQFRQWUROOLQJ WKHGLVSHUVLRQRI3GGXULQJHOHFWURFKHPLFDOGHSRVLWLRQKHQFH WKH LQLWLDOVWXG\ZDVRQ WKH
LQIOXHQFHRISUHFXUVRUFRQFHQWUDWLRQRQWKHGLVSHUVLRQRI3G
)URP WKHF\FOLF YROWDPPRJUDPRI3G&OREWDLQHG LQFDUERQFRDWHGJUDSKLWH VXEVWUDWH9ZDVXVHG IRU WKH
HOHFWURFKHPLFDO GHSRVLWLRQRI SDOODGLXP7KH HOHFWURFKHPLFDO GHSRVLWLRQZDVSHUIRUPHGE\YDU\LQJ WKHSUHFXUVRU
FRQFHQWUDWLRQEHWZHHQP0DQGP0ZKLOH NHHSLQJ WKHGHSRVLWLRQ WLPH FRQVWDQW DW  VHFRQGV)LJXUH
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$VWKHFRQFHQWUDWLRQLVLQFUHDVHGWKHLQLWLDOQXPEHURIUHGXFHGPHWDODWRPVLVLQFUHDVHGDQGWKHFORVHSUR[LPLW\
RIDWRPVUHVXOWVLQWKHIRUPDWLRQRIODUJHQXFOHXV7KHVXEVHTXHQWFU\VWDOJURZWKUDWHVRIWKHVHQXFOHLZLOOEHFRPH
IDVW LQ OLQH ZLWK WKH IRUPDWLRQ RI QXFOHL EHFDXVH RI WKH LQFUHDVLQJ FRQFHQWUDWLRQ RIPHWDO LRQV LQ WKH VROXWLRQ
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&DUERQ PDWHULDO SUHSDUHG IURP ZRRG DSSOH VKHOO :$6 LV NQRZQ WR KDYH D VXUIDFH DUHD RI  P J LQ
FRPSDULVRQWR9;&ZLWKPJDQGFRPSDUDEOHSRUHYROXPHLHFPJIRU:$6DQGFPJIRU
9;&7KHOLPLWHGPRELOLW\RIWKHFU\VWDOOLWHVGXULQJWKHFDUERQLVDWLRQFKDUULQJV\QWKHVLVSURFHVVZRXOGUHVXOWLQ
WKH IRUPDWLRQRI ULJLGDPRUSKRXV VWUXFWXUH IRU:$6$V D UHVXOW:$6DFWLYDWHGFDUERQFDQ IRUPDPDFURVFRSLF





WKHGLVSHUVLRQRI3GQDQRSDUWLFOHVRQ WKH VXUIDFHRIDFWLYDWHGFDUERQ LV LPSURYHGZLWKPHWDOGLVSHUVLRQRQ:$6
FDUERQEHLQJPRUHSURPLQHQW )LJXUHE7KHKLJKHUPDJQLILFDWLRQ6(0LPDJHV LQ WKH LQVHWRI)LJXUHDE
IXUWKHU FRQILUPV WKH LPSURYHPHQW LQ PHWDO GLVSHUVLRQ ZLWK WKH FKDQJH LQ VXSSRUW PDWHULDO IURP 9;& WR:$6
DFWLYDWHGFDUERQ
,W LV JHQHUDOO\EHOLHYHG WKDW WKHSRURXVQDWXUHRI WKH DPRUSKRXVPDWHULDOV OLNH:$6DFWLYDWHG FDUERQ OHDGV WR







)LJXUH FRPSDUHV WKH F\FOLF YROWDPPRJUDPVRI3GGHSRVLWHGRQ9;&DQG:$6DFWLYDWHG FDUERQ VXSSRUW LQ
QLWURJHQ VDWXUDWHG0+62 DW D VZHHS UDWH RI P9V DQG URRP WHPSHUDWXUH$V FDQEH VHHQ W\SLFDO+
DGVRUSWLRQGHVRUSWLRQ R[LGH IRUPDWLRQVWULSSLQJ SHDNV DUH REVHUYHG LQ ERWK WKH FDVHV LQGLFDWLYH RI 3G VXUIDFH




DUHD (6$ SURYLGHV LQIRUPDWLRQ RQ WKH DYDLODEOH DFWLYH VLWHV RI FDWDO\VWV ZKLFK DFFRXQW IRU WKH DFFHVV RI D
FRQGXFWLYHSDWKDYDLODEOHWRWUDQVIHUHOHFWURQVWRDQGIURPWKHHOHFWURGHVXUIDFH>@7KHHOHFWURFKHPLFDOVXUIDFH






7DEOH   7DEOH FRPSDULQJ WKHPRUSKRORJ\ HOHFWURFKHPLFDO VXUIDFH DUHD FDOFXODWHG IURPK\GURJHQ DGVRUSWLRQGHVRUSWLRQ H[SHULPHQWV DQG
RQVHWRI3GR[LGHUHGXFWLRQIRU3GFDWDO\VWHOHFWURGHSRVLWHGRQ9XOFDQDQGZRRGDSSOHFDUERQ
'HSRVLWLRQSRWHQWLDO 7\SHRIFDUERQ 0RUSKRORJ\RI3G 2QVHWRI3GR[LGHUHGXFWLRQ9 (6$FP

9 9XOFDQ;&5 ,UUHJXODUVSKHULFDODJJORPHUDWHV a 
9 :RRGDSSOHVKHOODFWLYDWHGFDUERQ 'LVSHUVHGVSKHULFDOSDUWLFOHV a 


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
)LJ&RPSDULVRQRIWKHF\FOLFYROWDPPRJUDPVRI3GFDWDO\VWVGHSRVLWHGLQQLWURJHQVDWXUDWHG0+62DWDVFDQUDWHRI
P9 V D9XOFDQ;&5 DQG EZRRG DSSOH VKHOO DFWLYDWHG FDUERQ &DUERQ VXSSRUWZDV VXEMHFWHG WR  F\FOHV RI
HOHFWURFKHPLFDODFWLYDWLRQLQQLWURJHQVDWXUDWHG0+62SULRUWRGHSRVLWLRQ3GZDVHOHFWURGHSRVLWHGIURPP03G&OLQ
0+&O2/RDGLQJRIFDUERQRQJUDSKLWHVXEVWUDWHJFP
7R IXUWKHU H[DPLQH WKH HOHFWURFKHPLFDO SURSHUWLHV RI LUUHJXODU DJJORPHUDWHG 3G9;& DQG GLVSHUVHG 3G:$6
DFWLYDWHGFDUERQ&2VWULSSLQJYROWDPPHWU\ZDVFDUULHGRXW)LJXUHDVKRZVWKH&2VWULSSLQJYROWDPPRJUDPRI
3G9;& DQG WKH VXEVHTXHQW F\FOLF YROWDPPRJUDP LQ  0 +62 DW D VFDQ UDWH RI  P9 V± 6LPLODU
YROWDPPRJUDP ZDV DOVR REVHUYHG IRU WKH GLVSHUVHG 3G:$6 DFWLYDWHG FDUERQ DV VKRZQ LQ )LJXUH E 7KH
YROWDPPRJUDPVKRZHGDVLQJOHR[LGDWLRQSHDNGXULQJWKHILUVWVFDQZKHUHDVQR&2R[LGDWLRQZDVREVHUYHGLQWKH
VHFRQG VFDQ FRQILUPLQJ WKH FRPSOHWH UHPRYDO RI WKH DGVRUEHG &2 VSHFLHV >@ 7KH (6$ YDOXHV RI WKH
HOHFWURGHSRVLWHG3GFDWDO\VWVZDVGHWHUPLQHGIURP&2VWULSSLQJYROWDPPHWU\XVLQJWKH&2R[LGDWLRQFKDUJHDIWHU
VXEWUDFWLQJ WKH EDFNJURXQG FXUUHQW RI WKH VXEVHTXHQW &9 FXUYHV ZLWK WKH DVVXPSWLRQ RI  & FP± DV WKH
R[LGDWLRQFKDUJHIRURQHPRQROD\HURI&2RQDVPRRWK3GVXUIDFH>@









9 9XOFDQ;&5 ,UUHJXODUVSKHULFDODJJORPHUDWHV a a 
9 :RRGDSSOHVKHOODFWLYDWHGFDUERQ
'LVSHUVHGVSKHULFDO
SDUWLFOHV a a 

7KH PHDVXUHG (6$ YDOXHV IRU DJJORPHUDWHG 3G9;& DQG GLVSHUVHG 3G QDQRSDUWLFOHV:$6 DFWLYDWHG FDUERQ
DORQJZLWK WKHRQVHWDQGSHDNSRWHQWLDOVRI&2R[LGDWLRQDUHJLYHQ LQ7DEOH$VHYLGHQW IURPWKH&2VWULSSLQJ
YROWDPPRJUDPVQR VLJQLILFDQWYDULDWLRQ LQ WHUPVRIRQVHWSRWHQWLDO DQGSHDNSRWHQWLDOZDVREVHUYHG IRUERWK WKH
FDWDO\VWV7RPDNHDFRPSDWLEOHFRPSDULVRQWKH(6$YDOXHVREWDLQHGLQPJZHUHFRQYHUWHGWRFPE\PXOWLSO\LQJ
ZLWK3G ORDGLQJ GHWHUPLQHG XVLQJ ,&32(6PHDVXUHPHQWV+RZHYHU DV VHHQ IURP7DEOH WKH(6$ LQFUHDVHG
IURP FP IRU DJJORPHUDWHG3G9;& WR FP IRU WKHGLVSHUVHG3G:$6DFWLYDWHG FDUERQ LQGLFDWLQJ WKH
SUHVHQFH RI PRUH DFWLYH VXUIDFH VLWHV DQG LPSURYHG XWLOL]DWLRQ RI WKH FDWDO\VW 6XFK DQ LPSURYHPHQW FRXOG EH
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JHQHUDOO\DWWULEXWHGWRWKHHIIHFWLYHXWLOL]DWLRQRIWKH3GPHWDO2QFRPSDULVRQWKH(6$YDOXHVREWDLQHGIURP&2

















GHSRVLWLRQ WKDQ RWKHU YDULHWLHV RI FDUERQ >@9LVZDQDWKDQ HW DO >@ UHSRUWHG WKDW 3W GHSRVLWHG RQZRRG DSSOH





UHODWLYH WR WKDWRI3GGHSRVLWLRQRQ9XOFDQVXJJHVWV WKDW WKH IRUPHU VXSSRUWPLJKWKDYH UHGXFHGR[RSKLOLFQDWXUH
LHZHDNHQHGFKHPLFDODGVRUSWLRQHQHUJ\ZLWKR[\JHQFRQWDLQLQJVSHFLHVWKDQWKDWRIWKHODWHU>@
2Q FRPSDULQJ WKH RQVHW SRWHQWLDOV IRU R[\JHQ UHGXFWLRQ 3G GHSRVLWHG RQ :$6 DFWLYDWHG FDUERQ VKRZHG D
SRVLWLYHVKLIWLQRQVHWSRWHQWLDOUHODWLYHWR3GGHSRVLWHGRQ9;&LH9IRU3G:$6YV9IRU3G9;&
%HVLGHV WKH SRURVLW\ WKH UHGXFHG R[RSKLOLFLW\ FRXOG DOVR KDYH IDYRUHG LQ LPSURYLQJ WKH DFWLYLW\ RI 3G:$6
DFWLYDWHG FDUERQ WRZDUGV 255 DV UHSRUWHG E\ +DPRXGL HW DO >@ 7KH LQVHW LQ )LJXUH  FRPSDUHV WKH FXUUHQW
GHQVLW\YDOXHVDW9ZKHUHWKHFXUUHQWGHQVLWLHVDUHȝ$FPDQGȝ$FPIRU3GGHSRVLWHGRQ:$6DQG
9;&UHVSHFWLYHO\7KHKLJKHUDFWLYLW\RI3GGHSRVLWHGRQ:$6DFWLYDWHGFDUERQWKDQWKDWRI9;&FRXOGEHGXHWR










7R HYDOXDWH WKH HOHFWURFDWDO\WLF SHUIRUPDQFH RI WKH 3G FDWDO\VW F\FOLF YROWDPPHWULF FXUYHV ZHUH UHFRUGHG LQ
QLWURJHQ VDWXUDWHG 0+&22+ LQ 0+62 LQ WKH SRWHQWLDO UDQJH IURP 9 WR 9 DW D VFDQ UDWH RI 
P9VDQGURRPWHPSHUDWXUH)LJXUHVKRZVWKHFRPSDULVRQRIF\FOLFYROWDPPRJUDPVRIHOHFWURGHSRVLWHG3GRQ
9;& DQG:$6 DFWLYDWHG FDUERQ VXSSRUW 7KH VKDSH RI YROWDPPRJUDP RI WKH 3G GHSRVLWHG RQ:$6 DFWLYDWHG








3G GHSRVLWHG RQ9;& VKRZHG DQ RQVHW SRWHQWLDO RI QHDUO\ P9 OHVV WKDQ WKDW RI 3GZRRG DSSOH FDUERQ7KLV
VXJJHVWV WKDWFKDQJLQJ WKHVXSSRUW IURP9;&WR:$6DFWLYDWHGFDUERQKDVDOVR LQIOXHQFHRQ WKHRQVHWSRWHQWLDO
)URPWKHDERYHUHVXOWVLWFDQEHREVHUYHGWKDW3GGHSRVLWHGRQ:$6VXSSRUWVKRZHGKLJKHUDFWLYLW\WKDQ3G9;&
WRZDUGV +&22+ R[LGDWLRQ 7KLV SKHQRPHQRQ FDQ EH DWWULEXWHG WR WKH EHQHILFLDO HIIHFWV RI WKH LQFUHDVHG 3G
XWLOL]DWLRQUHVXOWLQJIURPLPSURYHGGLVSHUVLRQRIPHWDOQDQRSDUWLFOHVDQGWKHKLJKHUHOHFWURFKHPLFDODFWLYHVXUIDFH
DUHDRIWKHHOHFWURGH7KHUHIRUH3GGHSRVLWHGRQ:$6DFWLYDWHGFDUERQKDVDFRQVLGHUDEOHLQIOXHQFHRQWKHFDWDO\WLF
DFWLYLW\ WRZDUGV IRUPLFDFLGR[LGDWLRQ7KHVH UHVXOWV VXJJHVW WKDW UHSODFHPHQWRI9;&E\:$6DFWLYDWHGFDUERQ
FDQ EH FRQVLGHUHG DV D VXSUHPHPHWKRG WRPHHW WKH GHPDQGV RI KLJK GLVSHUVLRQ DQG DYRLG DJJORPHUDWLRQ RI 3G
QDQRSDUWLFOHV









WKH LQIOXHQFH RI SUHFXUVRU FRQFHQWUDWLRQ ZDV VWXGLHG RQ 9;& 6(0 LPDJHV VKRZHG LQFUHDVLQJ WKH SUHFXUVRU
FRQFHQWUDWLRQXSWRP0OHDGWRWKHIRUPDWLRQRIZHOOGLVSHUVHG3GQDQRSDUWLFOHV$WFRQFHQWUDWLRQEH\RQGP0




ZRRG DSSOH FDUERQ VXSSRUW IDFLOLWDWLQJ WKH GLVSHUVLRQ RI 3G PHWDO SDUWLFOHV GXULQJ WKH GHSRVLWLRQ 7KH (6$
GHWHUPLQHGXVLQJK\GURJHQDGVRUSWLRQGHVRUSWLRQH[SHULPHQWVDVZHOODV&2R[LGDWLRQGLVSOD\HGKLJKHUYDOXHIRU
3G:$6VXSSRUWWKDQ3G9;&
/LQHDU VZHHS YROWDPPRJUDPV UHFRUGHG LQ R[\JHQ VDWXUDWHG VROXWLRQ VKRZHG DQ LQFUHDVH LQ RQVHW SRWHQWLDO
WRZDUGVSRVLWLYHGLUHFWLRQDQGKLJKHUFXUUHQWGHQVLW\IRU:$6DFWLYDWHGFDUERQLHDVKLIWLQRQVHWSRWHQWLDOXSWR
P9WRZDUGVSRVLWLYHGLUHFWLRQZDVREVHUYHGIRU:$60RUHRYHU3GGHSRVLWHGRQ:$6VXSSRUWGLVSOD\HGKLJKHU















>@ &RUGXQHDQX 2 'LFXOHVFX 9& &KLRUFHD3DTXLP$0  2OLYHLUD%UHWW  $0 6KDSHFRQWUROOHG SDOODGLXP QDQRZLUHV DQG QDQRSDUWLFOHV
HOHFWURGHSRVLWHGRQFDUERQHOHFWURGHV-(OHFWURDQDO&KHP





















>@ &KHWW\ 5  .XQGX 6;LD: %URQ0 6FKXKPDQQ:&KLULOD9 %UDQGO: 5HLQHFNH 70XKOHU0 3W5X QDQRSDUWLFOHV VXSSRUWHG RQ
QLWURJHQGRSHGPXOWLZDOOHGFDUERQQDQRWXEHVDVFDWDO\VWIRUPHWKDQROHOHFWURR[LGDWLRQ(OHFWURFKLP$FWDSS





>@ 7LDQ1=KRX=<X1:DQJ/'LUHFW HOHFWURGHSRVLWLRQRI WHWUDKH[DKHGUDO3GQDQRFU\VWDOVZLWKKLJKLQGH[ IDFHWV DQGKLJK FDWDO\WLF
DFWLYLW\IRUHWKDQROHOHFWURR[LGDWLRQ-$P&KHP6RF












>@ &KDL -/L)%DR</LX6=KDQJ41LX/(OHFWURFKHPLFDO IDEULFDWLRQRIPXOWLSOLFDWHSDOODGLXPKLHUDUFKLFDO DUFKLWHFWXUHV DQG WKHLU
HOHFWURFDWDO\VLVWRZDUGR[LGDWLRQRIIRUPLFDFLG-6ROLG6WDWH(OHFWURFKHPSS
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